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ABSTRACT 



The principle of linear superposition is applied to Bleich’s 
two general solutions pertaining to hull-deckhouse interaction. The 
resulting longitudinal stress distributions for three separate mathemat 
cal models are compared v;ith stress distribution results obtained 
through the use of finite element techniques. In reference to Bleich’s 
theory, procedures are derived for the determination of the stress dis- 
tribution at locations away from the center of the hull-deckhouse struc 
ture. Analytic and finite element procedures are also described for 
the determination of the deck stiffness. 

The principle of linear superposition is found to be valid 
for Bleich’s theory. Because the theory neglects shear lag effects, 
its application is recommended only for the center portion of struc- 
tures with relatively long deckhouses. 
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IN’TRODUCTION 



In 1953 H. H. Bleich presented a paper in the "Journal of Applied 
Mechanics” entitled ”Non-Linear Distribution of Bending Stresses Due 
to Distortion of the Cross Section.” In this paper he derived a via- 
ble analytical solution to the problem of hull-deckhouse interaction. 
However^ because of the difficulty Involved in evaluating the two- 
coupled differential equations for real life situations Bleich v;as 
only able to present two simplified solutions. One solution to the 
differential equations was simplified by considering only bending 
moment loads and neglecting the distributed loads. The other solution 
considered only distributed loads and neglected bending moment loads. 
Although these simplifying assumptions are not justified in any real 
ship, the methods of solution are, in actuality, straightforward and 
rather simple to obtain. The proposal is that the principal of linear 
superposition can be applied to Bleich^s solution in order to deter- 
mine the total solution. Even though the title of Bleich 's article 
implies non-linearity, the calculated stress distributions found were 
actually linear in form with the only discontinuity or break appearing 
at the main deck level. In order to confirm or disprove this hypothe- 
sis, finite element methods using the ICES STRUDL program developed 
at H.I.T. will be employed to find the total bending stress distribu- 
tion. A comparison of the linear superposition of the two solutions 
using Bleich 's method and that of the total ICES STRUDL solution should 
give some indication of the applicability of linear superposition to 
Bleich Vs method. If superposition if applicable, a rather simple 
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analytical solution could then be available for the determination of 
the actual total bending stress distribution. 
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CHAPTER I - BLEICH’S Ti:0-BFAM THEORY 



Consider the problem of two separate beams forced to act together 
by horizontal shear forces and vertical forces acting at the junction 
of hull and deckhouse. In essence^ the system consists of a beam 
elastically supported by another beam with a shear connection to enforce 
equal strains at the deck levels Figure 1.1 and 1.2. The vertical 
forces are due to elastic resistance of the deck framing or bulkheads 
against the motion of the deckhouse with respect to the hull. Navier’s 
hypothesis for a structure acting as a beam is applicable only if the 
cross sections of the beam do not distort. Since the side plating of 
a deckhouse is not coplanar with the ships side^the vertical deflections 
of the two are not necessarily the same. Mavier’s hypothesis that 
plane sections remain plane and the conventional theory of bending of 
beams are not applicable for the entire structure. For this analysis^ 
however, Bleich assumed that the symmetrical cross section consists of 
two non-distorting portions which can move relative to each other and 
that Navier’s hypothesis is applicable for the hull and deckhouse each 
by itself. 

In the structure shovm in Figure 1.1^ the lower hollow box beam 
represents the hull and is of length L while the upper box, the deck- 
house, is shorter and is of length 1. Both boxes are assumed to be of 
constant cross section. The cross-sectional area and the moment of 
inertia of the deckhouse and of the hull are A^, 1^^, and A 2 % I 2 * 
respectively, and the distances of the respective centers of gravity 
from each other and from the deck are a, cx^^a, and ^ 2 ^* 
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TNMO-BE/\n MODEL 



HGURE 1.1 
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TWO*B6At-\ FREE OOOr DIAGRAM 



HGURE 1.2 



asw 






I 



f 



1. Simplified Analysis of Two - Co 11 Struc ture 

In this analysis the assumption is made that the deck A-B, Mgure 

1.1, and its supports have no stiffness and, hence, \;ill not resist 

any relative vertical movements between hull and deckhouse. This 

simplification is not justified for any real ship system and is dis- 

carded in the final analysis; however, some important results are 
derived . 

At a distance z in the free body diagram of figure 1.2, the moment 
and direct forces in the deckhouse and hull are and ^2' 

respectively, with positive moments producing compression at the top 
of the respective units. Direct forces and N 2 are positive if they 
create tension. The external loads acting to the left of the section 
have a moment M. A shear force T of unknown magnitude will act on the 
underside of the deckhouse, and a similar force T will act in the oppo- 
site direction on the hull. Equilibrium requires that; 

(la) 

(lb) 

Since it is assumed that Navier’s hypothesis is valid for deckhouse 
and hull separately, the longitudinal stress distribution across a 
section can be determined for the deckhouse 



— T , — — aOt^T 



= T, 



M 2 = M - aa2T 



*^1 “ I2 

and for the hull 



(2a) 



N2 M2 



(2b) 



with tension stresses counted as positive. 
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At the junction of the house and hull, the stresses and 
must be equal, with = - aa^^ and X 2 = aa 2 * Using Equations 1 and 
2, the value T is found to be; 



T = 



aa2li 



^1^2 ^ ^1^2 ^ 2,2^ ^ 2 ^ , 
A2 ^ “2 ^1 “1 ^2^ 



M 



(3) 



and 



dz 



aa2li 



^ 1^2 ^ ^ 1^2 2.2 ^ ^ 2 ^ . 
A ^ A2 ^ ^ 2 ^1 ^1 ^ 2 ^ 



(A) 



T was defined as the total horizontal shear force acting between the 

left end of the deckhouse and the section at z. The total shear force 

in the structure V is equal to dM/dz. According to Equation 3, the 

shear T at the ends of the deckhouse is not zero. At points slightly 

away from the deckhouse ends, there is no deckhouse, and hence T = 0. 

This means that in addition to the distributed shear force dT/dz, there 

must be concentrated shear forces T and T, at the ends of the deck- 

c d 

house. Tliese concentrated shear forces cannot exist in any real struc- 
ture. Their appearance is due to the fact that shear-lag effects were 
neglected when Navier’s hypothesis was assumed to be correct for the 
full length of the deckhouse. These forces will, in reality, distri- 
butE themselves over a finite distance, presumably over a distance equal 
to the depth of the deckhouse as depicted in ligure 1.3. 




fIGURE 1.3 
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With this in mind, the stresses found using Equations 2 will be 
Incorrect for calculations near the ends of the deckhouse. Accord- 
ing to Saint Venant^s theorem, however, the effects of the simplifica- 
tion will not affect the stresses in the center portions of the struc- 
ture . 



In simplifying the expressions for the moments and direct forces, 
the following notations are used: 



^2 \ ^2 
I 2 + 



(5) 

( 6 ) 



The term p is a measure of the size of the deckhouse in relation to 

the hull and is referred to as the size factor. The total moment of 

inertia I of the section can be expressed in terms of and by 

the constant I. 

A 

I = II + I 2 + Ia • (7) 



With the use of notations (6-7), the following important expressions 
are derived: 



MI^ . MI^ - ya2) 

N2 = -Ni = T = — 

MI, 

M 1 . MT y. 

ill - I ■ (1 + y)(a2li + yail2) 

MI 2 

M = — — + MI H- 

^2 I "^2 (1 + y)(a2ii + yaii2) 



(8a) 



(8b) 



(8c) 




I 






These expressions, along with Equations 2, could be used to determine 
0 ^ and in the deckhouse and hull. It will be noticed, however, 
that Equations 8 contain two terms the first term being the value of 
the respective N or M if the conventional bending theory were applica- 
ble to the entire section. The actual stresses O can now be expressed 
as the sum of the stresses according to Navier’s hypothesis and a 
correction (Aa). 

a = a,. + Aa 

with the I’av'er's stresses (o.J 



(9) 



_ Hx 

°M = ' r 



( 10 ) 



x^here x is the distance from the centroid of the entire section. 
Hgure 1.1. The corrective stresses and AO 2 in the deckhouse 
and hull, respectively, are 



Aa, 



Ao, 



AN^ AMj^ 
A” - 17 - ^1 



AN. 



^ - 
^2^ '"2 



( 11 a) 



( 11 b) 



where AM and AM ore the corrective portions of N and '! given by the 
second terms of Equations 8 , 

Although the model in this analysis v/as simplified in assuming 
that no vertical forces act between hull and decl:bouse (i.e., zero 
deck stiffness), the important result remains that the stress distribu- 
tion can be expressed as the sum of the stress O^, according to Navier*s 
theory and the corrective Ao. A typical example of stress distribution 
using this analysis is shown in figure l.A. 
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Ge neral Analysis o£ ^ 1 ture 

In this analysis the assumption is made that any relative displace- 
r nt of the deckhouse v;ith respect to the hull is resisted by the inter- 
rl vertical forces required to deflect bulkheads and transverse beans 
5 pporting the deckhouse. External vertical loads and bouyancy will 
case the structure to deflect, and this deflection can be described 
\ the displacements y^ and of the center lines of the deckhouse and 
Ml. respectively. lipure 1.5. 




HGURE 1.5 



T1 stiffness of bulkheads or deck beams resisting relative vertical 
d: placements is assumed to be constant for the full length of the 
dckhouse.and the magnitude of this stiffness is given by a spring 
cc stant K. K is defined by Bleich as being the force per unit length 
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of deckhouse required to produce a relative deflection equal to one 
unit of length. The vertical reaction between hull and deckhouse 
will be therefore equal to K(y^ - y^) per unit of length. 

Using the theorem of stationary potential energy, the differen- 
tial equations for the deflections y^ and can be obtained. The 
potential energy U consists of the internal strain energy and the 
potential energy of the external forces. 



1 r^/2 






t 19 



" = 2 ^--/2 >'1 ■ + '^- 2>'2 ■ “2''2 > 



' 2 



2 ’2/2 
+ - y^) - 2p^y^ - l'p^y^]dz 



ro 1^-/2 

( Sy 2]_£/2 



U will be a minimun if the variation 
6U = 0 . 



( 12 ) 



(13) 



Using the calculus of variations, the set of two simultaneous equa- 
tions are derived. 



E(I^ + + Ky^ + - K^2 = Pi 

V2 ■ ^^1 ^ ^^^2 " P2 

p^ and p^ are the distributed loads acting on the deckhouse and hull, 
respectively. 

The process of the calculus of variations also furnish the boundary 
conditions required to determine eight arbitrary constants which will 
appear in the general solutions of the differential equations. At 
2 = + i/2 and z = - i/2 
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(15a) 



(15b) 



» I 



f Ed^ + c.^ I^,), 



I I 




2 tV^2 



:i 



(15c) 




I T I 




I t I 



0 



(15d) 



Tlie sexond and third boundary conditions are equivalent to 



30 . 



and ]\2 = M - 3a2^ presented in Equations (1). The fourth boundary 
condition indicates that tl\e sliear forces at the end of the deckhouse 
must vanislu 

Solution of Differential Equations for Constant Moment 
In reference to the free-body diagram of ligure 1.6, this analysis 



the model is M = M = II (i.e., constant moment). Tlie differential 

u 

Equations 14 are then homogeneous, and since the problem considered 
is symmetrical with respect to the origin of the coordinate z axis, the 
general solution contains four arbitrary constants. 



These solutions in conjunction with the boundary conditions furnish the 





(16a) 



(16b) 



where 




(17) 



values of the constants. 




- 



-? 0 - 



^2 " 2EI 



= 



C, = 
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y$lM 




2Y^ 


(1 + y) E(a 2 l 


1 + yail2) 


1 


yil^i M 




2Y^ 


(1 + y) ETa 2 f 


1 + ““lb) 


included since it 


only dcscr: 




and are 




sin 


u cosh u + cos 


u sinl’i u 



1 sin u cos u + sin u cosh u 

f - u _^inh ju j- sin u co sh u 

sin u cos u + sinh u cosh u 



_ li = ^ \^jK_ 

~2 2 \|4E + ya^l2 



Introducing the equations describing the deflections and y, 
the follo\7ing expressions for the moments and direct forces 



Ml = - Ell 



M2 = - EI 2 yi 

Ni = - :,’2 = ~ ^2 ^'2 

the following values were found at the amidhsips section, z = 

I. I y(a - ya„) 

■ ^'1 " al ■ "^1 ~ (TTlirraJliTlJaiip" 



Ml Ml - <^>1 Mil (1 + yHa^Ii + yail2) 



M^ = M + 0, MI 



I • 1 "2 (1 + y)(a2 Ii + yctil^) • 



(18a) 

(18b) 

(18c) 

The 

(19a) 

(19b) 

( 20 ) 

into 

(21a) 

(21b) 

(21c) 

I. 

(22a) 

(22b) 



(22c) 






A renarkable result is that if a comparison is now made bctv;een Equations 
8 obtained in Section 1 and Equations 22, the only difference is that 
the factor is nov; introduced into the second term. Therefore, the 
refined theory used in this section furnishes a similar result as that 
obtained in Section 1 (zero deck stiffness) but modified only by the 
multiplication of the corrective stress Aa by a factor 

a = a., 4- Aa . (23) 

h 1 



This result is surprisingly simple in that the deviation of the stress 
distribution from Eavier's calculations is determined by a non-dimen- 
sional factor 0^. The corrective forces AE^, AE^ and moments AE^ , AM^ 
are computed from the equations given in Section 1 






1- — je/j. 








HGURE 1,6 



4. So lution of Differential Equations for Equa lly Distrib uted Loads 

In this final analysis Bleich considered only the case of equally 
distributed loads p^^ and P 2 acting on the deckhouse and hull, respec- 
tively, where the moments at the ends of the deckhouse are set equal to 



_">9> 



zero (i.e., M = M = 0). Equilibrium requirer> that the external shear 

U i) 

forces = Z /2 + P 2 ^* moment at the center of the sec- 

tion (Mpure 1.6) duo to the loading is 

(p^ + p^) 2 



■V = 



I 



(24) 



Tlie general symmetrical solution to Equations 14 are 

2 

sin yz sinh yz 4 cos yz cosh yz 



(Pl + P2^ 4 



24 El 



^ ri"+"y)K 



(25a) 



y 2 = Cj 4 C 2 Z - yC^ sin yz sinh yz - cos yz cosh yz 



(Pl + P2) 4 

4 — — rrr — z 4 



(25b) 



24 El ' Tl 4 y)K • 

The boundary conditions expressed in Equations (15) furnish the values 
of the constants 



M 

C = - 
^2 2EI 



(26a) 






n ^ 

"4 ■ 



and where 
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4>. M 
2 P 




2 f ■> 
2Y 


4 y) 


n(a2ij^ 4 


yo(j^i2) 


1 




y 1^2 




2y' 


“4“ll) 


■"Era2'li“4 




2 _ 


sin 


u sinh u 




u sin u 


cos 


u 4 sinh 


u cosh U 
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cos 


u cosh u 




u sin u 


cos 


u 4 sinh 


u cosh u 


of the 


cons 


tants are 


similar 



(26b) 



(26c) 



(27a) 

(27b) 



section, and the remaining solution for the stress distribution at 
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z = 0 is the sapo, the only differonco being that a nc»’ deviation 
factor renlaces and replaces M. 

2 ‘ 1 p ' 

a = a., + Aa (28) 

N I 

Curves of and ^2 nlotted as a function of u in ligure 1.7. 




Since u is a function of K, it v;ill be noticed that for the case of 
zero deck stiffness (K = 0) that and both equal to 1.0, and 

hence the results of section one conf'*'r^e,d O' = l^"eu ^ 

or the dirensio’^s of the deckhouse became large and hence U > 2, the 
factors and becane very s-.al] indicating that havier’s stress 
distribution i' anplierd'le at the ar.idships section. 
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CrAPT^"'. II - 'TT-IODS 



Althoupli Blt^ip’i’s analysis dealt prlnarily T7lth the stress dis- 
tribution located at the center of the deckhouse ( 2 : = 0) , it is the 
intention of the present analysis to also investigate the stress 
distributions an\ay fror the center. Altbiougb, Bleich mentions that 
the relationship for stresses along the decldiouse v^ill be in the form 



no expressions for 0 as a function of 2 v^ere provided. They can, 
however, be readily formulated, 

^ • Cons t ant !Iomen t Loa ding 

lor the case of constant moment loading, the expressions for the 
deflections are; 

2 

y^^ = ^3 sinyz sinhyz + C^ cosyz coshyz (2a) 

2 

sinyz sinhyz - yC^ cosyz coshyz . (‘2b) 

The second derivatives of y^, y,^ Tjith respect to z can be introduced 
into the expressions for the moments , and . 



of 



a = a,, + C^(z) Aa 



( 1 ) 



f f 



» f 



> r 



•'1 




2 




(3a) 



II II 



N 



1 



N, 



2 



a 






(3b) 



yielding the follov/ing results; 




MI 



1 TT + y)(a2lj^ + ya^ijy 



(Aa) 



I 

I 



I 





) 






-7^ + ['p. cosyz coLwy:'. - ainyz :.in]'.yz] 

X 1 i 



ni 



2 (1 + p)Ca2ij^ + yct^i2) 



(Ab) 



V 

*’o 



- b’ = ~ — [ ’»>- cosyz coshyz - sir.yz r. inhyz] 
J. ^ i J. X 



. MI }j(a^ - ua<,) 

A i ^ ^ / / X 

a (1 + p) (a^I^ + pu^l 2 ) ' ^ 

T-iof;c c::’^rcr>nIoas arc cxactilv in the forn of Equ itions 22 of fhaptcr 1 
except that a nox; dcvi.a lion . factor exiato ^aich that 

a = a,, + C't (2) La ( 5 ) 

where 

0^(z) = [0^ cosyz coshyz - sinyz sinhyz] . (6) 

In order to modify the arj:uncnt of the trigonometric and hyperbolic 

y£ z 

functions, it will be remembered that u = , and hence yz = 2u ^ . 

!Tow ^^(z) can be expressed in terms of a non-dimensional distance from 

the center of the deckhouse. 

z z z z 

0^(z) = cos 2 u j cosh f sinh 2 u ^ . ( 7 ) 

With the aid of 'bOTZVAl' computer r.;ethods to facilitate calculations, 
values of were calculated as a function of u and (z/i). A family 

of curves for different values of u is presented in figure 2 . 1 . In 
finding the beading stress distribution away from the centerline, no 
additional calculations need be made other than selecting the appro- 
priate deviation factor from the provided curves and multiplying it by 



the corrective stress Ao. 
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2 . Equal 1 y Distributed Loads 

Eor the case of equally distributed loads, the equations for the 
deflections are; 



+ C^z + sinyz + cosyz coshyz + 
4 

Pi 

~ 2 iTvl (l +1T)K 



(8a) 



y 2 = + C^z - yC^ sinyz sinhyz - yC^ cosyz coshyz 

4 



(p, + p^)z 

+ — i. r._ — + 

24 i:i 



yp. 



(1 - y)i: • 



(8b) 



lollovring the same procedure used in the preceding section, the expressions 

for the moments and direct forces are; 

.HI 

= -H-i - [^ 2 ' cosyz coshyz - sinyz sinhyz] 



M I 



(Pl P2^ ^1 2 



p 1 (1 + y)(a2l^ + ya^TT) 



M I, 



H.J = _L_±. + [C>„ cosyz coshyz - 'b^ sinyz sinhyz] 
I z z 
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At first plance these equations do not appear to be in the standard 
form due to the presence of an additional third term. The first and 
third terms of each expression can be combined, hov/ever, such that 
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where M is the moinent due to the distributed loads located at a dls- 



z 

tance z from the centerline. Equations 9 can then be used to express 
the stress distribution in the form of 



a = a:: + O^Cz) Ac (11) 

where 

^> 2 ( 2 ) = ^2 1“ cosh 2u - '^2 sin 2u sinh 2u |* . (12) 



It must be remembered, however, that the Xavier stress term is deter- 
mined through the use of the moment (M^) at the location in question 
whereas the corrective stress term (Aa) employs the use of the moment 

at the center of the structure (Vl ) . 

P 

As in the previous section, conpnter calculations Mere used to 
find "'^ 2 ^^^ ^ function of u and (z/i), A fnmiily of curves for differ- 

ent values of u is presented in figure 2.2. 

for the case of constant moment loading, the value of 0^(z) at 
the ends of the deckhouse (z/l = .5) is equal to 1 for all values of 
u. The reverse is true in the distributed load case, ^ 2 (z) is eaual 
to zero at the ends of the deckhouse for all values of u. Tliis is as 
expected, since the moments at ends of the deckhouse must vanish in 
the distributed load model, and, therefore, there can be no corrective 



stress term at that location. 
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In reference to obtnininr a total solution, Bleich did not nen- 
tton or nufzpcst the application of linear srperponi tion to tv^o 

poneralized solutions. t’.io other hand, there Is no^:hlne to Indi- 

cate that the n^^plication of linear sunerpositi on is not valid. Tho 
sirnlifvinp method of breakinj^ the free-body diagram cf ligure 1.6 
into a constant nor :-;it part and a ^istrih^ited lo ^Mnc part (:it’ ±*c^ 

arp^epriate end fsren-) 'oc.: not v''"latc eruilihrivm nor does 

it alter tiie actual loading, s'rear, and bending ro'^ent diagrams for 
the model when the fro loadine conditions are then summed together. 
With tl;e assumption that this reasoning also applies to the rcspec- 
tive stress distribution solutions, the total stress distribution 
(0^) will be expressed as the linear sum of the stress due to a 

constant nonient (o,,) and the stress due to a distributed loading (c ) . 

-- P 

°I ■ + °p 

^dlere 



a,, = a,. 4 h (z)Ac., 

1. 4. t X i. 1 


(14) 


0 = a.. 4 0.,(z)Ao 

p j 2 p 


(15) 



Care, however, mist be taken such that the appropriate ponents are 
used in these equations. tor the deckliouse, as an example, employs 

the use of th.e moment 'I 



Ac 
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(1 + viHa^i^ + “p (1 + d)(a.,lj^ + ^1 



as described by Equations 11 in Chapter 1. is different only in 

that it makes use of the constant moment 'I in lieu of M . With this 



p 

in mind. Equations 14 and 15 may be combined such that: 
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+ .'>^^(7.) Aa,, + ?^(z) AOp (16) 

Cl + :i )x 

a - — - — + 0, (z) Aa,, + 1>,(z) Aa (17) 

T I 1 I 2 p 



In Inter chapters this assumption of linearity V7ill be checked by com- 
parison of results on similar models using finite element methods and 
Bleich^s method. 
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CM\PTER III -- TCFS STRUDL METI^ODS 



The Structural Design Language (STPUDL) developed at tlie M.I.T. 
Civil Engineering Systems Laboratory is a series of computer programs 
for solving structural engineering problems. It is a subsystem of 
the Integrated Civil Engineering System (ICES) and can be applied in 
many v;ays to a wide class of practical problems. An operational 
system lias been implemented on the IBM system /370. LTien entered 
into the. computer, tlie STRUDL language is translated by the ICES 
CoiTimand Interpreter, wliich, for each corjaand, calls upon the appro- 
priate STRUDL program. In essence it is a language v;ith which an 
engineer can describe a problem, its solution procedures, and ask for 
results. 

Of the various analyses offered in STRUDL, the stiffness analysis 
was employed for the present investigation. The stiffness analysis is 
a linear, elastic, static, small displacement analysis. 

The basic principle behind finite element techniques is the 
replacement of the actual physical problem by a model composed of a 
finite number of discrete elements which are connected at their nodal 
points. Many elements are available which have different geometric 
shapes and different applications for the solution of different types 
of problems, lor the present application, the primary element type 
used is the 'PSPM element. The *PSR* is a rectangular element with 
four nodal points, one located at each of the corner joints. Used 
in conjunction with a plane stress problem, the nodal unknowns or 
displacements are and . 






\ 









+ ot^x 4 a^y 4 o.^xy 
U 2 = 4 a^x 4 ct^y 4 ctgxy . 

No element loads are available, and hence all loads must be in-plane 
joint loads. V/hile resulting displacements are given at the nodal 
points, stresses and strains are given only at tho baricenter of each 
element, Mgure 3.1. 




The material specified must be isotropic, and the only relevant ele- 
ment constants that need be declared are the loung’s modulus and the 
Poisson coefficient . 

Another element type used V7as the *’BPR* element. It is used 
in plate-bending type problems and is similar in geometry to tliat of 
the ’PSR* clemicnt. The *DPR* element allows distributed type loads 
in the out-of-plane direction. In later analyses the ’BPR’ elements 
were superimposed on the ’PSR’ elements in order to obtain a more 



refined analysis. 
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cnAPTr.p TV - bulk-tads 

Tor this analysis a model vas selected t’ith arbitrary dimensions 
as shown in Tigure 4.1. Bulkheads are placed at equally spaced dis- 
tances of 20 feet in the hull section. The tl^.ickncss of the hull, 
box girder plating is .5 inch, and the tliicl:ness of the deckliouse 
plating and bulkheads is .25 The material constants include 

a foung’s modulus of 30 x 10^ psi and a Poisson coefficient of 0.3. 

The m.odel is assum*^d to have a 15-foot draft "’ith a correspond- 
ing hydrostatic upw’ard distributed force of 17.143 tons/ft. The 
internal loading is arranged so as to provide equilibrium and a 
resultant S 3 n'raetrical loading, Tigure 4.2. Shear and moment diagrams 
for the total model are also provided. 

1 . S TO U D L Vo d o 1 

Due to the syrjnctry of the loading, it is necessarv onlv to 
look at one-quarter of the deckhouse and aT^nropriatc hull structure. 
This also aids in reducing comnuter time which can become exccssivelv 
high \7hen dealing \7ith finite element methods. The planes of symmetry 
for the problem arc the amic'hips nlar.c ind t^ c centerline plan.^ of 
the model in Tigure 4.1. The one-quarter structure, broken into 122 
’PSR’ elements, is shown in Tigures 4.3 to 4.5. 

Since the ’PS^’ elements only allo^’ in-plane joint loads, it was 
necessary to model the sh.ear, moment, and distributive loads into 
forces acting on joints or nodal points. The pressure loading acting 
on the bottom of the hull structure (319.984 psi) was translated into 
forces acting at bulkhead locations. The moment at the end of the 
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DIMENSIONS OF MODEL WITH BULKHEADS 
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loading , SHEAR ANO MOMENT DIAGRAM FOR 
MODEL WITH BULKHEADS 
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ONE QUARTER STRUCTURE - ELEnENT AND NODAL NUMQERIN& DIAGRAM 

FOR OUTER SHELL 
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tLEMENr AND NODAL NUMOeAlNO DIAGRAM FOR MAIN DI:CK AND BOTTOM PLATING 
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ELEMENT AND NODAL NUMDERiNG OJAGRAM FOR IbOLKHEADS 



STRUDL LOADING DIAGRAM FOR MODEL WITH BULKHEADS 
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decl'house 0‘j^) translated into forces actinf^ on the end joints 

of the hull girder. Usin?^ the notation in Fcction 3,3 of reference 
6, the vertical shear flov; (IT) at the end of the structure ^^as found 
using 
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2Af + a[l - 

c 

3AfT“a 



( 1 ) 



where 




Vac shear flov; assumed a para!)olic distribution, the maxinum occurring 
at the neutral axis of the hull. Tlie shear flow v^as then translated 
into vertical forces acting at nodal points at the end of the hull side. 
Tlie final loading is depicted in ligure A. 6. 

A sample computer program for this loading is provided in Appendix A. 
2 . STRUDL Results 

In order to find the magnitude of any distortion due to the applica- 
tion of point loads on the structure, the variation of longitudinal 
stress along the deckhouse length was plotted, ligure 4,7. Irom these 
results it appears that some distortion occurs near the deckhouse end 
as evidenced by the abrupt change in the stress pattern. These effects, 
however, appear to be concentrated only within a distance of 10 feet 
of the deckhouse end. 

As previously mentioned, the stress output in STPvUDL is given at 
the baricenter of each element. It will he noticed, however, that the 
baricenters of the elements adjacent to the amidships^ location lie on 
points 5 feet away from amidships. There is little or no stress 
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variation in thin area, and hence nepligiblo error i<^ introduced if 
the stress at the adjacent elements is used for th inidsliips’ results. 

The lonpitudinal stress distributions at anid and at a 

point 35 feet from amidships are shown in figures 4. and 4.9, res- 
pectively, Pronounced shear lag effects are evident in both cases. 

This is primarily due to the relatively low dechhouse length (1) to 
hull breadth (B) ratio. lor tliis particular model 1/B = 2.5. 

An unexpected result is the discontinuity in the loncitudinal 
stress distribution across the main dech occurring at the junction 
of hull deck and declthouse side. An apparent cause for this dis- 
continuity is the nature of the relative deflection of the hull- 
deckhouse connection with respect to the hull side, figures 4,10 and 
4.11. The longitudinal stress due to bending is proportional to the 



curvature of the beam (-) 
a = - E(^) y 



( 2 ) 



^diere p = radius of curvature. 

It is apparent that the curves of deflection of the main deck 
at side and the hull-deckhouse connection as presented in figure 4.12 
are quite different from one another. Obviously the curvatures of 
the two deflections arc of different sign or magnitude at respective 
locations and hence effect the stress distribution across the main 
deck so as to produce the results sho^^ in figures 4.8 and 4.9. In 
order to support this reasoning, a separate STRUDL program was run 
in which the amidships’ plane v;as held rigid. Although this was an 
unnatural condition, it had the effect of increasing the deck stiffness 
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In tho inrcdinto vicinity of the anidnhlnf^* plnnc. The hull and 
deckhouse, therefore, tended to deflect in tlie sane nanner, and the 
discontinuity was virtually elinlnated as evidenced in V ipure 4,13. 

Anotl\er area of Interest is the distribution of the shear stress 
alon;: the hull-deckhouse connection. Due to the nature of the ele- 
ments used, it v;as only possible to obtain results of the shear- 
force distribution 2.5 feet above the lujll-deckhon ".c connection. 
I^owever, the irreeular pattern of the stress as shown in Me- 

ure 4,14 is similar in form to results obtained exncrirents on 
physical models as described in reference 2. 

The initial sten in u‘=:'^n>- '^leicbks "^s to ^rea^ t^e free- 

body diagram of liE^'re 1.6 into a constant rement part and a dis- 
tributed loacinj^ aprt. "/ith reference to Mpurc 4,2^ ii c.n *e 
readily seen that '' - = 7,l'i2.5 ft ten^, 4 = 5.714 

tc^s/ft and ^htit ^ ~ ^ r' ^ 

C -> 

and of t'.: cross tr-^c.ture pr v! 'ed *n li^ar-^ . 1 , -* t rcT'Wi\^l' 

sir..plc. procedare to ucu tbo S'luLicr. descrihi.d in Chanters 1 

and 2 in order to arrive at a solution. 

In a model with bulkheads, ho^^ever, the primary difficulty 
is involved v/ith the determination of the deck stiffness or spring 
constant • (K) . Since K X'/as defined as the force per unit length of 
deckhouse required to produce a relative deflection equal to one 
unit of length, it is apparent that the value ot K Xv^ill, in reality, 
vary along the deckhouse length due to the emplacement of structural 

bulkheads. In order to simplify the use of Bleich’s method, hox^^ever. 
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DISTANCE FROM AMIDSHIPS IM FEET 
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an average value of K runt Sc dcterninecl. To acldovo tbin end a 
synuiietrical portion of the hull structure \;as rodellcd to include 
a bulkhead and attached deck and hotton platinp. , lipurr A . 15 . This 
I-bcam type structure is simply supported on its ends and allo^^ed 
to deflect under vertical forces applied to the hull-deckhouse con- 
nections. In the analytical procedure used for deternininp the 
forces needed to deflect the hull-deckhouse connections 1 inch, it 
must be kept in mind that although the deflection due to shear forces 
arc ncplipible in most cases, in sliort deep metal beams the deflec- 
tion caused by shear may become a sipnlf leant portion of tlic total 
deflection. In this case shear contributes a major portion to the 
total deflection. 

The equation for the deflection due to the internal moments (f,,) 
v/as calculated through the use of singularity functions. The expression 
for the deflection due to shear (f^) was obtained through the use of 
the method of unit loads as described in reference 7. Tlic total 
deflection (f_) then expressed as tbiC sun of and T and set 

equal to 1 inch. The equation was then solved for P (the distributed 
load acting on the hull-deckhouse connections) . The expression for 
K is t\;ice the value of P 

K = 2P . (3) 

4 

This analytic approach to K yielded a value of 1.86 x 10 psi for 
the present model under consideration. Sample calculations are 
provided in Appendix B. 

As a further check on K a STRUDL program using *PSR’ elements 
on the model presented in ligure 4,15 was run. Arbitrary forces (I) 
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srnneTflicAL structure for evauoation of 



l-IGURE 4.15 
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v:cre applied at the locations indicated, and the resulting deflec- 
tion at the hull-deckhouse connection noted. The force was then 
scaled for a deflection of 1 inch. P \:as detained by dividing 1 

by the width of the flange (240 inches). Using Equation 3,K was 

4 

found to have a value of 1.53 x 10 psi. The disparity bet":een the 
STRUDL K and the analytical K can be attributed to the fact that in 
the analytical approach the deflection calculations apply to the 
neutral axis of the bean only. 

Sample calculations for the solution of the stress distribu- 
tion at amidships using Bleich’s method is provided in Appendix C, 

4, Compar ison o^ Meth ods 

Comparison of Bleich and STRUDL results at amidships, 15 feet 
from amidships and 35 feet from amidships, are shovm in figures 4.16, 
4.17, and 4.18, respectively. The results for the stress distribu- 
tion in the vicinity of the deckhouse center compares more favorably 
than do the results at a location 35 feet ol^^ay, This is due to the 
fact that Pleich’s solution neglects shear-lag effects, as discussed 
in Section 1 of Chapter 1, At each location the Dleich stress dis- 
tribution across the main deck and hull bottom approximates an average 
value of the STRUDL distribution. The Bleich distributions along the 
hull side produce lower peak values of stress as compared to STRUDL, 
The distributions of the stress along the deckhouse side and top 
attributed to Bleich* s method are, in general, of greater magnitude 
than that of the STRUDL results. The stress distributions for both 
methods were transformed into moments and checked against equilibrium 
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conditions; that is, the values of the noncnts obtained rt each sec- 
tion corresponded to the respective nor.ent on the bending norient 
diagram. 

Because of the large shear-lag effects found in this particular 
model, it is difficult to make an accurate statement as to the 
applicability of linear superposition to Bleich’s methods (i/hich 
ignores shear-lag). It appears, ho\;ever, that if these shear-lag 
effects v;ere reduced, equilibrium would reouire that the STPUDL results 
approach Bleich’s solution. This v;ill be later checked through the 
use of a model whose increased l/B ratio significantly reduces the 



shear-lag . 
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In this analysis the sane nodcl as presented in Chapter 4 \;as 
used except that all dimensions in the longitudinal direction vere 
increased by a factor of tv;o so as to Increase the l/o ratio from 
2.5 to 5.0. In order to maintain a bcndi ng-r.onent (Uegran slnllar 
to the one used in the preceding chapter, the distributive loading 
i;as reduced by a factor of four: l.e., p^ -f P 2 = 1.42S5 tons/ft. 

Iron this loading ” 14P.P5, and '' - tons. 

Due to the increased distance betn^een bullheads, the value of the 
deck stiffn'^ss (R) was reduced to 7.67 x 10"" psl. 

The sane procedures as described in Chanter 4 v:ere used in the 
determination of the STRUDL and Bleich solutions. 

1 . STRUDL Rc^n 1 ^ 

The longitudinal stress distributions at amidsliips and at a point 
70 feet from amidships are shoToi in figures 5.1 and 5.2, respectively. 
Tlie most notable difference in these results from that of the preced- 
ing chapter is that tlie deckhouse has become more effective in the 
support of the stress distribution. This is due to the fact that tbe 
decldiousc length has been incrocased to 200 feet. 

The discontinuity in the stress distribution across the main 
deck is still apparent but to a lesser degree. A look at the deflec- 
tion curves of figure 5.3 indicates that the differences in curva- 
tures between tlie decldiouse connection and main deck at side are 



not as great as in the preceding model. 
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Tlic :;*ost Irportnnt rer.ult, bo'^cvor, is that thu shoar-lap of facts 
have been reduced to a neglip.ible anount . 

Qf tb.ods 

Comparison of ST?vU])L and Bleich results at amidships, 30 feet 
from amidships and 70 feet from amidships, are sho^Ti in Mpure 5. A, 
5.5, and 5.6, respectively. Again, the difference beti;een solutions 
proi:s progressively \;orse as one travels av;av from amidships or tlie 
center of the dec^ihouse structure. 

Tlie most important result of this analysis is that at the amid- 
ships section (\:herc Bleich Vs solution is most applicable), the tvo 
solutions are almost identical. The argument that linear superposi- 
tion is applicable to Bleich’ s tuo general solutions is therefore 
confirmed by these results. It is readily evident that if the shear- 
lag effects were completely done av:ay mith, the tuo solutions v;ould 
correlate exactly, except for the discontinuity at tlie hull-deckhouse 
connection. It m.ust be l:opL in rind, hovcver, that this says nothing 
of the applicability of Bleich’s total solution for use as a design 
tool. In real life structures shear-lag effects are inevitably 
present to some degree as exemplified by all the STRUDL results thus 
far presented, further discussions on this topic arc presented in 
later sections after all model results have been presented. 
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CIUPTKR VT - '^HDEL riTH^UT DUTJ:HE.M)S 

In order to investigate the effects on the stress distribution 
duo to a more flexible deck, the bulkheads of the model presented 
in Chapter ^4 were eliminated. All other parameters such as loading, 
lengths, boundary conditions, etc. remained unchanged. 

lor the STRUDL model, *PSR’ and * BPP ’ elements were super- 
imposed upon the wliole structure so as to allo\» out-of-plane loads. 
Due to the nature of tlie imposed boundarv’ conditions, ”hich allows 
a considerable degree of flexibility, the program v;as not acceptable. 
It is also noted here that .for models with bulkheads and using both 
’PSR* and ’BPR* elements, the costs were prohibitive due to the 
increase in the number of elements. In order to obtain reliable 
results for the present analysis, only ’PSP* elements were used. Tlie 
loads on the hull bottom were attached to transverse stiffeners in 
the same locations where the bulkheads had once been. 

1 . S TRUDL Results 

The longitudinal stress distributions at amidships and at a 
point 35 feet from amidshins are s^^o^^ in li^-uros 6.1 and 6.2, 
respectively. The most notable result is in the degree of stress 
reversal occurring along the hull and deckhouse sides. Because of 
the relatively flexible deck, the deckhouse has become loss effec- 
tive in the support of the stress distribution. 

Shear-]ag effects are as pronounced as in the original model: 
however, the discontinuities at the hull-deckhouse connections are 
not as great, ligure 6.3 <^upports the diminution of discontinuity 
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as veil ns hlpl)l in.s the incronso in rolativo vorticnl di'^nLnce- 
ments betvTeon the Inill-dnckhouse connection and nnin deck at side. 

The shear-stress distribution 2,^ ^eet above the htjl 1-dock- 
house connection is sho^m in Meure b.A. 

^ • B lt^ic h Model 

The absence of bulkheads facilitates the analytical approach 
to the detemiratdon of K. A transverse slice of the main dec! 
can be ass\iTriP(^ to ]^e a sirelp slender tpa^ '^ioidlv sn^’^or^ed on i*"^ 
ends. Tl^ie i>ppr^ iq stib-^ect to vertical deiloctions clue to distributed 
loads (P) so as to deflect the hull dcc^dicuse cornectirn 1 
Usinp si’^ple-bear. defection theor^^, the value of K ^’as found to 
he 1.71': p::i. Thi,. velu._ is Vc,rp ^’•'^11 ’d.en co-. par'll to t'"c ’* for 
all other bull:hcad models. 

^orparj eon Me t!;ods 

Co:n.parison of 21eich and SThUDL results at anidships , 15 feet 
fren air.ids’ fee^- fr"'r 1 cf ; i*' ^ 's ,*n i ■'* ur" ' ^^.5. 

C.G, and 6.7, res; ec t ivcl;' . dp'iin, the rlilfor^ncc bet^’oen scMutionr 
p.ro\'s pro,ircsslvcl 3 " \’or^c as one trcivcls «i. frc*. the a'“j* d /' i 7 >s area. 
IliC Dleich disci ihutions along the hull side produce lov;cr peak values 
of stress as compared to STPXDh, ^.’hereas the distributions of stress 
along the dcckiiousc top and side arc, in general, of greater magni- 
tude than that of the STRUDL results. In each case the Bleicli stress 
distribution across the main deck and hull bottom approximates an 
average value of the STRUDL distribution. 
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co::cLiTToys a:t) ^.r.6C''''r\nATio':f 

Tlic principle of linenr superposition can be applied to r>leich’r> 
tv;o general solutions in order to obtain the total stress distribu- 
tion solution. Because Bleicli’s netliod neglects shear-lag, the 
use o£ this r.etliod may be of limited significance v;hcn dealing v;ith 
real-life structures. As the 1/B ratio increases, however, Bleich’s 
solution becomco more applicable for the center portions of th.e 
deckhouso-liull structure . 

Because ot the relatively favorable comparison of Bleich and 
STRUDL results in the center portions of the deckhouse-hull area for 
all models considered, there is some indication that Bleich methods 
may have some application for design pruposes. The rather simple 
analytical methods which are employed for the determination of a 
stress solution is also a factor in consideration. All of the results 
of the present analysis indicate the Bleich metb.od is conservative in 
reference to tlie stress distribution over the deckhouse proper and 
that it supplies an approximate average stress across the main deck. 
The only shortcoming is tliat the Bleich solution underestimates the 
value of the stress at the junctions of the hull side with the main 
deck and hull bottom, lor example, in the model with bulkheads and 
1/B = 2.5, the value of the stress at the tiain deck at side is almost 
20 per cent less than the STRUDL result. As the deckhouse length is 
increased so as to diminish the effects of the shear-lag, Bleich *s 
solution converges towards the finite element solution, as evidenced 
in ligure 5.4, This supports the conclusion that Blclcli’s method is 
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more strongly applicable to structures liaving relatively long deck- 
houses . 

In order to confirm the finite clerent results, especially in 
the area of the discontinuity occurring at the hull-deckhouse connec- 
tion, it is recommended that a physical model be built similar to 
the mathematical models presented in this analysis. Strain and 
deflection analyses under similar loading conditions could then he 
used for verification, and augmentation of results obtained through 
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Appnynix a - s.v!pli: strudl ppdgra:' 



The following is a STRUDL propran for finding 
and nodal displacements for a model with bulkheads 



element stresses 
spaced 20 feet 



apart . 



STi:.ui)L 'ir.sT 1' ’ irdLL-rikCKrousi: iKTnv.cTin;:' 

$ Oh’K QUARTER STRUCIL’RE 

TfPE PLARE STRESS 

DEDUr, ,\LL 

1)12 !P Trii: 

UMITS lEET 
JOIRT COC^'RIR.VrrS 

1 0. 0, 0, s 

2 5. 0. 0. S 

3 10. 0. 0. S 

4 15. 0. 0. S 

5 20. 0. 0. S 

6 0. 10. 0. S 

7 5. 10. 0. 

8 10 . 10 . 0 . 

9 15. 10. 0. 

10 20 . 10 . 0 . 

11 0. 20. 0. S 

12 5. 20. 0. 

13 10. 20. 0. 

14 15. 20. 0. 

15 20. 20. 0. 

16 0. 30. 0. S 

17 5. 30. 0. 

18 10. 30. 0 

19 15. 30. 0. 

20 20. 30. 0. 

21 0. 40. 0. S 

22 5. 40. 0. 

23 10. 40. 0. 

24 15. 40. 0. 

25 20. 40. 0. 

26 0. 50. 0. S 

27 5. 50. 0. 

28 10. 50. 0. 

29 15. 50. 0. 

30 20. 50. 0. 

31 20. 0. 10. S 

32 20. 10. 10. 

33 20. 20. 10. 
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34 20. 30. 10 

35 20. 40. 10 

36 20. 50. 10. 

37 20. 0. 20. S 
30 20. 10. 20. 

39 20. 20. 20. 

40 20. 30. 20. 

41 20. 40. 20. 

42 20. 50. 20. 

43 0. 0. 10. S 

44 5. 0. 10. S 

45 10. 0. 10. S 

46 15. 0. 10. S 

47 0. 20. 10. S 

48 5. 20. 10. 

49 10. 20. 10. 

50 15. 20. 10. 

51 0. 40. 10. .8 

52 5. 40. 10. 

53 10. 40. 10. 

54 15. 40. 10. 

55 0. 0. 20. S 

56 5. 0. 20. S 

57 10. 0. 20. S 

58 15. 0. 20. S 

59 0. 20. 20. S 

60 5. 20. 20. 

61 10 . 20 . 20 . 

62 15. 20. 20. 

63 0. 40. 20. S 

64 5. 40. 20. 
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87 5. 20. 30. 

88 5. 30. 30. 

89 5. 40. 30. 

90 5. 50. 30. 

91 0. 0. 30. S 

92 0. 10. 30. S 

93 0. 20. 30. S 

94 0. 30. 30. S 

95 0. 40. 30. S 
9C 0. 50. 30. S 

97 0. 50. 35. S 

98 5. 50. 35. 



99 10. 


50. 35. 




100 


10. 


40. 35. 




101 


10. 


30. 35. 
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10. 


20. 35. 




103 


10. 


10. 35. 
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0. 35. 
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112 


10. 


0. 40. 


S 


113 


10. 


50. 45. 




114 


10. 


40. 45. 




115 


10. 


30. 45. 




116 


10. 


20. 45. 




117 


]3. 


10. 43. 
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130 0. 0. 45. S 

JOINT RELE.\SES lORCE f Z MOMENT X 

6 11 16 21 26 47 51 59 63 92 93 94 95 96 97 105 125 126 127 128 129 
JOINT RELEASES lORCE X FOMENT E 

2 3 4 5 31 37 44 45 46 56 57 58 67 73 79 85 104 112 118 124, 

JOINT RELEASES lORCE Z 

2 3 4 5 31 37 43 44 45 46 55 56 57 53 67 73 79 85 91 104 112 118 124 130 
ELEMENT INCIDEN'CES 
112 7 6 
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LO/ni::c 'tot.\l' 

$ TOT.AL LO.'D IKCLUDrS SHEAR, I'ONZLT AH 
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5 irPCE Z -8.0 

2 3 4 11 15 21 25 lOilCE, Z -16.0 
12 13 14 22 23 24 lOOCE. -32.0 
$ Slir_\R AND NOMLNT LOADS 

26 irr.Ci. i 2j.cC/.- 

27 23 29 lOr.CE f 53.3344 
30 lORCE f 68.1072 Z 49.28 
36 lORCE f 35.5936 Z 110.712 
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APpn:T)i:: n - cALcn^Mio'is >on nrTrT'T:'i:r k 



The fo]lov;infT is an analytical approach to the deternlnat ion 
of tlie spring constant (K) for a model with bulkheads spaced 20 feet 
apart . • 

Basic rorenclature 



A 

K’ 

n 

j 

V 



X 

< > 



area of beam cross section 

factor depending on shape of bean cross section 
distributed load at hull-deckhouse connection 
vertical shear due to actual forces 

- vertical s'aear due to load of one pound acting at the 
section v;here the deflection is to be determined 
deflection due to internal moments 

deflection due to shear 

- total deflection 

distance along length of beam 
indicates singularity functions 

re flection Due to ^"onent O nly 

1 

ni T-^ = 2^0[P - P <x - 120> - P <X - 360> ] 

dx-^ X ^ 



^ 

El = 240P[ - <x - 120> - <x - 360> + C,x + C» 

jj 5 ^ ^ ^ 2 

B. C. if = 0 when x = 0, 480*' 



E = 30 X 10 psi 
I = 8,748,005 in^ 






i 

!<■ 

I 





= - (2.105 -X ]0~^)p at X = 120" 

Deflection Duo to Shear 



1 Vv 

f - - rrr f TPr C^x (method of unit load5;) 
T K AC 

^ L. 

T ” K' ^ AC 



K’ 








6(2 4 l?m 4 25r" 4 15n^) + Y(H 66n 4 135m“ 4 90^^) 4 



o 9 

30nn*'(l 4 n) 4 5Ymn^(8 4 9n) 



v/here 



2b t^ 

" = irr 

w 



I BEAM CRO^iS SECTION h 



= 0.5' 






= .25' 



= 



^ ^ 




m = 2.66 ; n = ,666 
K’ = .262 



It Is custo'^arv to assure that only of structural s^^apes such 

as channels and I beams resist shearing stresses because shear stresses 
arc small in flanyes. 

= - (10.55 X 10~^ )P 

= if + if.. = 

X L 



1 " 



I 






i*» = - p(io.7r, X 

P = .93 y. 10^' 

i: = 2P 

L 

IL “ ^ r:iL 



Aopr”r>iy c 



qA”PI ^ BT FT^H c.^l.cn 



Th<^ follo’/lnF is a solution for the stross distribution at 
amidships for a model \;ith bulkheads maced 20 fret apart. 

r 1 n ^ urr 



a 


- 




of re ni]*! i pp( 






der^'bouso sections 






- 


cross sect ’or'. 1 art' 


-f ^ -u — 




- 


C”r(. r- -r. ^ 'p- 1 f / 


'-^f ’ ^ 


I 


- 


tot 1 wt . ' i.^cr 


tin uf SeC 


T 

"A 


- 


fci-'Lv'r i. "sr 


p ^ T 

t -t- 


k 


- 


mo^ient of inertia of 


dcckhotjse cross section 


M 

to 


- 


moment of inertia of 


hull cross section 


i: 


- 


spring constant 




1 


- 


length of dech.house 




:i 


- 


constant moment part 


of loading 


:i 

? 


- 


moment in midship section due to the loads p^ + 


A -T 

^••l 


- 


correction of direct 


force acting on deckhouse 




- 


correction of direct 


force acting or ! ull 


a:i, 

X 


- 


correction of noment 


acting on dccl'housc 




- 


correction of moment 


acting on luill 


(?1 + ?2 


- 


equally distributed 


loads 



tic* 



parameter described by dimensions of bull and deckhouse 
and of stiffness factor K 

vertical distance from center of gravity of deckhouse 



cross section 




r 



38- 



X 



2 



X 



a 



2 



Y 



P 



^02 



a 

K 



- vertical distance iron center of p.ravity of luill 
cross section 

- vortical distance from center of gravity of entire 
cross section 

ratio of the distance of center of gravity of decVliouse 
from main deck 

ratio of the distance of center of gravity of hull from 
rain dock 

parameter described bv dimensions of hull and dec^.house 
and of stiffness factor K 

size factor; measure of the size of the deckhouse in 
relation to hull 

“ stress solution for constant no’^ent 
Navicr’s stress 

stress solution for distributed load 
total stress solution 
corretive stress for deckhouse 
corrective stress for hull 

deviation factor used in constant moment solution 
deviation factor u^p.d in distributed loading solution 
Significant Values of !^ath e p.atical M odel 

306" = 150 in^ = 840 in^ 

534.600 in^ = 19.440.000 
Mp = 192 X 10*^ in lb5 
.4118 a-2 = .5882 

1.53 X 10^ psl 
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0 10 1 
1 
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